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Abstract 
Spray fire is a primary disaster in machinery space. Previous studies demonstrated that small spray fires were difficult 
to extinguish with water mist. A numerical and experimental study of the process of water mist interacting with the 
small size spray fire was conducted. Studies on suppression of vertical spray fire and horizontal spray fire were 
carried out, respectively. Three-dimensional physical model was developed based on the experiments. The adopted 
numerical model is FLUENT. The Large eddy simulation (LES) method, laminar finite-rate model, and Discrete 
Phase Model were selected to solve the turbulent flame, turbulence-chemistry interaction and particles, respectively. 
There are qualitative agreements of simulation with the experiment. It was confirmed that water mist can suppress 
spray fires rapidly, and that the extinguishing time for vertical spray fires were relatively shorter. 
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1. Introduction 
 Spray fires represent a significant element of the hazard associated with a major type of fires in 
machinery space, such as spray finishing workshop and engine room. Gas fire-extinguishing systems 
(GFES) are not suitable for such space. Because false actuation of GFES may threaten the safety of 
occupants and emergency fire-fighting need evacuation. Although the extinguishment performance of 
water mist for pool fires have been studied and demonstrated by many previous researches [1-5]. 
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Researches on the suppressing of spray fires with water mist are reported relatively rarely. Dundas[6], 
Ural[7] and Dyer[8] conducted tests on fire suppression performance of water mist extinguishing large-
scale spray fires. Previous studies [6-8] indicated that small fires are difficult to extinguish. The main 
objective of this study is to identify the performance of water mist suppressing and extinguishing vertical 
spray flame and horizontal spray fire through numerical and experimental study.  
2. Numerical simulation 
2.1. Computational region and physical model  
The numerical simulation was executed using FLUENT, which is commercial Computational Fluid 
Dynamics (CFD) software. The basic governing equations used in FLUENT are based on conservation of 
mass, momentum, and energy. Standard k-İ turbulence model is utilized for unsteady simulation. The 
Discrete Phase Model (DPM) was used to treat the droplets movement and vaporization.  
Arrhenius finite reaction rate model was adopted to estimate the chemical reaction rate in the spray 
combustion. A one-step reaction of kerosene was chosen to describe the process of combustion: 
C12H23+17.75O2ĺ&22+11.5H2O 
The computational domain, grid and boundary condition are shown in Fig. 1 and Fig. 2. Horizontal 
flame is a symmetry flame and vertical spray flame is an axisymmetric flame. Symmetry plane were set to 
reduce the number of grid without an effect on mesh size. Face connect with environment were set to 
pressure-outlet boundary condition. 
The grid size is 0.02m(z)×0.025m(x)×0.025m(y) for vertical flame 0.02m(z)×0.02m(x)×0.025m(y) for 
horizontal flame. Max-Z surface is injection source of water mist. The location of fuel spray sources is 
(x=0, y=0, z=0.4) for the vertical flame (x=0.1, y=0, z=0.4) for the horizontal flame.  To save CPU time, 
the water mist parameters were set to a high value, as shown in Table 1. 
  
Fig. 1 Diagram of the computational domain (a: vertical; 
b: horizontal) 
Fig. 2 The grid of the computational domain (a: vertical; b: 
horizontal) 
2.2. Numerical Results 
Simulation results show that that vertical spray flame is easily extinguished by direct coverage of the 
flame envelope with water mist, while horizontal spray flame is hard to extinguish (see Table 1). Fig. 3 
shows the temporal distributions of flame temperature before and after the suppressing with water mist. 
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The flame was quickly suppressed after water mist has been activated (see Fig. 3(b)). The spray flame 
gradually reduced in size after was suppressed (see Fig. 3(b, c, d)).  
The suppression mechanisms of water mist that have been investigated are [1-8]: the cooling of flame 
and fuel surface, the dilution of fuel vapor and oxygen, radiation attenuation and kinetic effects. The 
suppression mechanisms of water mist on spray flame in an open space may include: flame cooling, 
dilution of fuel spray/vapour, radiation attenuation and kinetic effects. 
Table 1 The parameters of water mist and fuel spray considered in the simulations 
Case No. 
Water mist spray 
density[kg/(s*m2)] Parameters for water mist Parameters for spray flame 
Extinguishing 
Time 
1(vertical) 0.4 Drop diameter: 200ȝP; 
Outlet speed: 100m/s 
Drop diameter: 60ȝP; 
Mass flow rate: 0.001kg/s; 
Outlet speed:  50m/s; Spray 
angle:   30e 
0.8s 
2(vertical) 0.8 0.35s 
3(horizontal) 0.4 0.84s 
4(horizontal) 0.8 0.41s 
 
 
Fig. 3 The temporal contour plots of flame temperature (K) before and after application of water mist (Case 1) (a: steady flame; 
b: Water mist activated t=0.6s; c: t=0.75s; d: t=0.8s). 
 
Fig. 4 Variances for temperature, concentration, and reaction speed of case 3 at a monitoring point (0.5, 0, 0.7) 
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Fig. 4 shows the variances of three parameters (temperature, molar concentration of C12H23, and 
chemical reaction speed) with time at monitoring point. Fuel vapor is diluted firstly as soon as water mist 
arrives, followed by the decrease of chemical reaction rate, and the decrease of Flame temperature. Fire 
intensification (Chemical reaction speed increasing, as shown in Fig. 4) is observed after water mist 
arrives, mainly result from more oxidizer is entrained with water mist, which agree well with the previous 
experimental results [9]. The increase of temperature is not notable (see Fig. 4) because water mist 
absorbs heat. Temperature decreases follow the reduction of chemical reaction speed. This decrease order 
may show that the dilution of fuel spray/vapour is the primary suppressing mechanism.  
3. Experiment 
3.1. Experiment setup 
A pressure water mist nozzle used in the experiment has 7-nozzle heads, each with an orifice diameter 
of 1.8mm. Spray density is 0.08kg/(s*m2) at 1.0MPa, and 0.23kg/(s*m2) at 3.5MPa, respectively. 
Experiment setup was shown in Fig. 5. Experiments were repeated three times for each scenario.  
Kerosene was used as 
fuel in the experiment. 
Three Pressure-swirl 
nozzles were used as fire 
source, and each was 
numbered according to the 
order of orifice diameter. 
Flow rate and spray angle 
for each nozzle as shown 
in Table 2.  
 
Fig. 5 Schematic of experiment setup 
Table 2  Flow rate, spray angle, velocity and SMD of fuel nozzle 
Fuel nozzle No. Fire #1 Fire #2 Fire #3 
Orifice diameter [mm] 0.15 0.20 0.3 
Oil flow rate 3MPa/2MPa [ml/min] 105/90 120/105 150/125 
Spray angle 3MPa /2MPa [°] 28°/28° 39°/38° 55°/46° 
3.2. Experiment Results 
An extinguishing process of vertical 
spray flame with water mist (see Fig. 
6), which very close to the simulation 
results (see Fig.3). Fig. 7 and Fig. 8 
show the mean extinguishing time for 
vertical and horizontal spray flame, 
respectively. Experiment results show 
that vertical spray fire is obviously 
easier to extinguish, which verify the 
simulation results. 
 
Fig. 6 Extinguishing process of vertical spray flame (gradually reduced in size) 
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The extinguishing time for flame with small spray angle is obviously longer (Fuel spray density, the ratio 
of flow rate to section area, which is inversely proportional to spray angle,), as shown in Fig. 7, which 
showed that the dilution of fuel spray/vapour may is the primary suppressing mechanism. 
  
Fig. 7 Extinguishing time for vertical spray fires Fig. 8 Extinguishing time for horizontal spray fires 
4. Conclusions 
The interaction process of water mist with spray flame has been studied numerically and 
experimentally. The results can be summarized as follows. 
There are qualitative agreements of simulation with the experiment.  
Even though the horizontal spray fires are difficult to extinguish, water mist can suppress spray fires 
efficiently.  
The primary mechanism for water mist suppressing spray flame is the spray/vapor dilution.  
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